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[57] ABSTRACT

A chemical vapor deposition system utilizes a microwave
carrying dielectric member and inner chamber that are both
placed within a reaction chamber. The inner chamber is used
as a semiconductor source material, which in one particular
embodiment is reactive with atomic hydrogen to form
volatile hydrides or other gaseous compounds which react to
form a desired film composition. The invention is useful for,
but not limited to, submicron dimension integrated circuit
fabrication, in particular, low temperature, cold wall reactor
environments. By constraining the semiconductor produc-
tion reaction between the inner chamber source material and
an integrated circuit substrate, particulate formation is
minimized, thereby reducing integrated circuit particle yield
losses.

16 Claims, 1 Drawing Sheet
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LOW TEMPERATURE PLASMA FIIM
DEPOSITION USING DIELECTRIC
CHAMBER AS SOURCE MATERIAL

STATEMENT OF GOVERNMENT INTEREST

The invention described herein may be manufactured and
used by or for the Government of the United States of

America for governmental purposes without the payment of
any royalties thercon or theretor.

This is a continuation of application Ser. No. 07/897,173
filed Jun. 11, 1992 now U.S. Pat. No. 5,510,088.

DOCUMENTS INCORPORATED BY
REFERENCE

U.S. Pat No. 5,023,056 issued on 11 June 1991 to inven-
tors Monti E. Aklufi and David W. Brock for an invention
titled “PLASMA GENERATOR UTILIZING DIELEC-
TRIC MEMBER FOR CARRYING MICROWAVE
ENERGY™ is hereby incorporated herein with all its apper-
taining documents and references. Also incorporated by
reference 1s Yossen, J-L. & Kern, W. Thin Film Processes,
Academic Press, NY.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention pertains broadly to the field of plasma
generating devices such as those used in the semiconductor
processing industry. More particularly, but without limita-
tion thereto, the invention relates to a highly controlied, low
temperature, semiconductor processing method/system in
which particulate formation is minimized.

2. Description of the Related Art

- In the integrated circuit fabrication art, yield losses have

been attributed to particulate induced defects. As circuit
feature sizes are continually reduced, particularly into the
submicron range, particulates have become one of the pri-
mary sources of yield losses. To maintain submicron dimen-
sions during device fabrication, low temperature deposition
of dielectric films in cold wall reactors has become a
common processing step. Yet, a drawback of cold wall
depositions is the potential for particle formation.

In the United States Patent referenced above an invention
is described that uses a dielectric member for carrying
microwave energy into a semiconductor process reaction
chamber. By “carrying” microwave energy to a specific
preselection location within semiconductor processing
equipment a plasma formed from the energy is more highly

controlled, thereby permitting greater uniformity in semi-
conductor production.

Those in the semiconductor industry know that plasmas
are used to facilitate the deposition of select materials upon
semiconductor substrate as well as to etch or remove
selected materials from various surfaces.

In the past, plasmas have been formed by coupling radio
frequency energy to a gas by way of electrodes, coils or
plates or by coupling microwave energy to a gas by way of
a hollow waveguide and a resonant cavity. Generally
speaking, plasma formation by way of these two techniques
has not been as controlled as desired. Though good results
have been achieved, those skilled in the art know that if a

greater degree of plasma control could be attained, superior
semiconductor production will be achieved.

In the referenced patented invention, a high degree of
plasma control was made possible by using a dielectric

10

15

20

23

30

335

45

50

55

65

2

member to carry microwave energy to a specific location
within a processing reactor. In onc embodiment of the
described invention, an inner chamber was placed around
the microwave carrying diclectric member and then both of
these were inserted into a semiconductor reaction chamber.
Though the interior of the reaction chamber was placed
under a vacuum, the pressure within the inner chamber
surrounding the dielectric member was kept at atmospheric
pressure. This prevented plasma from forming directly about
the member and caused a plasma to be formed in a con-
trolled manner about the periphery of the inner chamber. To
further control plasma formation, the dielectric member
could be tapered so that microwave emission occurs at the
member’s tapered end, and the dielectric member could be
tilted within the inner chamber so that plasma formation
occurs in an area where the tilted dielectric member and
inner chamber are closest.

In order to meet the submicron dimensional requirements
of today’s integrated circuit technology, an improvement of
the described patented invention was derived.

SUMMARY OF THE INVENTION

One embodiment of the invention utilizes a microwave

- carrying dielectric member and inner chamber such as those

described in cited U.S. Pat. No. 5,023,056. This invention
has application t0 submicron-dimension integrated circuit
fabrication. Use of the invention is preferred in low tem-
perature (approximately 200° C.), cold wall (non-externally
heated) reactor environments. The invention does, however,
also have application to hot wall (externally heated) reactor
conditions.

The invention described uses the inner chamber as a
semiconductor source material, which in a particular
embodiment is reactive with atomic hydrogen to form
volatile hydrides or other gaseous compounds which react to
form a desired film composition. By constraining the semi-
conductor production reaction between the inner chamber
source material and an integrated circuit substrate, particu-
Iate formation is minimized, thereby reducing integrated
circuit particle yield losses.

For those plasma deposition systems that do not utilize an
inner chamber, any wall sufficiently close to the generated
plasma may be used as a deposition source material. In such
a case it is only necessary that the wall react with atomic
hydrogen so as to ultimately form the desired film compo-
sition. Where deposition on a substrate is desired, the

hydrogen gas should be introduced between the reactive
wall and the substrate.

OBJECTS OF THE INVENTION

It is an object of this invention to provide an improved
plasma generating apparatus.

Another object of this invention is to provide an improved
plasma generator for semiconductor processing.

Yet a further object of this invention is to provide an
improved plasma generating device that permits a generated
plasma to be highly controlled. |

Another object of this invention is to provide an improved
plasma generator that avoids the formation of particulates
during film deposition to thereby reduce integrated circuit
yield losses. -

Other objects, advantages and new features of the follow-
ing invention will become apparent from the following
detailed description of the invention when considered in
conjunction with the accompanied drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a diagrammatic representation of a portion of a
plasma generating system according to a representative
embodiment of the invention.

FIG. 2 is a top view showing a portion of the system of
FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, a diagrammatic view of a chemical
vapor deposition system 10 according to a representative
embodiment of the invention is shown. System 10 includes
a reaction chamber 12 which may be cold walled or heated
depending upon the deposition environment desired. Micro-
waves are carried directly into reaction chamber 12 by way
of a dielectric member 14 described in the referenced patent.

The microwave energy is supplied to chamber 12 by a
conventional microwave source such as one incorporating a
traveling wave tube. The microwaves are transported from
this source to dielectric member 14 through a transitioning
hollow metal waveguide 16. Dielectric member 14 origi-
nates preferably with an acute tapered shape 18 within
waveguide 16 and terminates within reaction chamber 12
with preferably an elongated tapered shape 20. Enclosing
dielectric member 14 within reaction chamber 12 is an inner
- chamber 22. Inner chamber 22 serves as a source material
for the desired deposition reaction as will be further
explained. For example, inner chamber 22 may be made of
high purity, clear, fused silica (silicon dioxide) to provide
this material to the reaction process.

Also located within reaction chamber 12 is a platen 24
upon which a substrate 26 or multiple substrates may be
disposed. The substrate, such as silicon, is placed to be
located beneath elongated tapered section 20 of dielectric
member 14.

In FIG. 2 a top view shows the relationship of substrate
26 and dielectric waveguide 14.

As shown in FIG. 1, dielectric waveguide 14 is placed
within inner chamber 22 so that it is physically closer to the
substrate side of chamber 22. Besides rotating substrate 26
heating features could be provided to reaction chamber 12 so
that the substrate could be heated as well as physically
moved. The distance between the substrate 26 and inner
chamber 22 will in part determine among other things the
rate at which a dielectric film may be deposited.

After a substrate has been placed within chamber 12,
chamber 12 is evacuated through vacuum port 28, preferably
to a pressure less than 1 microtorr. The interior of inner
chamber 22 is maintained at atmospheric pressure. A plasma
producing gas, such as argon gas, may be introduced into
reaction chamber 12 from input port 30 to increase pressure
within the chamber by a desired amount, preferably 0.5 torr
or greater. Microwave power is then used to initiate and
sustain a plasma from the argon gas that becomes located
between inner chamber 22 and substrate 26.

It one desired to initiate the deposition of silicon dioxide,
for example, the reactive gas hydrogen will be used and
introduced into the reaction chamber through gas input port
30. To obtain an Si/O ratio of 0.5 (Si02), the reactive gas
oxygen is introduced into reaction chamber 12 through port

28 at a flow rate of at least 4 percent of the hydrogen gas
flow rate.

The argon initiated plasma will cause molecular hydrogen
(HZ2) to dissociate into atomic hydrogen as may be repre-
sented by equation (1). The atomic hydrogen that is formed
may reside in a number of different activated atomic states.
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In the invention the strongest electric field and hence the
highest density plasma will occur where the microwaves
emanate from the diclectric waveguide’s elongated tapered
shape 20. It is in this region that the atomic hydrogen will
readily form and react with the outside surface of the silicon
dioxide inner chamber to form silane (SiH4) and water
vapor (H20). This reaction may be represented by equation
(2). The silane formed can be dissociated by microwaves,
plasma, and microwave induced ultraviolet radiation into
lower form hydrides such as SiH, SiH2, and SiH3 as may be
represented by equation (3). Silane, see equation (4), or its
lower form hydrides, will react at the substrate surface to
form solid silicon dioxide and gaseous hydrogen.

The precise nature of the reaction of inner chamber 22
with deposition constituents is not known. However, at least
part of this reaction is considered due to what is known as
“chemical sputtering” described in the Vosser reference
cited above.

H2 p 2H eq. (1)
8H + Si02 p  SiH4 + 2H20 eq. (2)
3SiH4 b SiH + SiH2 + SiH3 + 3H2 eq. (3)
Sil4 + 2H20 b SiO2 + 4H2 eq. (4)

Those skilled in the art will realize that other dielectrics
could be deposited in a similar manner. The only require-
ments are that any wall or chamber sufficiently exposed to
a generated plasma be of the source material desired and that
the wall react with atomic hydrogen to form volatile
hydrides or gaseous compounds which would then react to
form desired film compositions. Of course additional gasses
may also be added to change the composition of the depos-
ited films. For example, the exposed wall may be made of
silicon nitride, Si3N4. Oxygen, 02, may be added to form an
oxynitride film, SixNyOz, where X,y and z are any small
numbers. The gas combination of hydrogen and nitrous
oxide could also be used in the process of the invention.

Obviously, many modifications and variations of the
invention are possible in light of the above teachings. It is
therefore to be understood that within the scope of the
appended claims the invention may be practiced otherwise
than as has been specifically described.

What is claimed is:

1. A method using plasma to form a thin film on a surface
within a reaction vessel, said method including the steps of:

generating a plasma within said reaction vessel, said
reaction vessel being of a material desired to be made
a part of said thin film; and |

introducing a reactive gas into said reaction vessel, said
reactive gas reacting with said reaction vessel to pro-
duce a reaction product that reacts at said surface so
that said thin film results on said surface.

2. A method according to claim 1 in which said reactive
gas at least partially chemically reacts with said reaction
vessel.

3. A method according to claim 2 in which said reaction
vessel is electrically unbiased.

4. A method according to claim 2 in which said reactive
gas includes hydrogen gas.

5. A method according to claim 2 in which said reactive
gas includes hydrogen and oxygen.

6. A method according to claim 2 in which said reactive
gas includes hydrogen and nitrous oxide.

7. A method according to claim 2 in which said reaction
vessel includes silicon dioxide.

3. A method according to claim 7 in which said reactive
gas 1cludes hydrogen and oxygen.
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9. A method according to claim 2 in which said reaction
vessel includes silicon nitride.

10. A method according to claim 9 in which said reactive
gas includes hydrogen and oxygen.

11. A method according to claim 2 in which said reaction
vessel is a cold wall vessel.

12. A method according to claim 2 in which said reaction
vessel 1s a hot wall vessel.

6

13. A method according to claim 2 in which said plasma
is an argon plasma.

14. A method according to claim 2 in which said reaction
vessel is a dielectric. |

15. A method according to claim 14 in which said argon
plasma is generated by way of microwave energy. |
16. A method according to claim 3 in which said thin film

is formed at approximately 200 degrees Celsius.
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